The level of circulating endotoxin was determined in the sera from children hospitalized for treatment of diarrhea at the International Centre for Diarrhoeal Disease Research, Dhaka, Bangladesh. A significant level of endotoxin was detected in the sera from 23 (54%) of 42 children. On the other hand, in 32 normal controls, endotoxin was below the limits of detection of the assay. Antibiotic and fluid therapy markedly reduced the level of serum endotoxin and improved the general condition of most patients. Non-survivors (n = 5) had higher levels of circulating endotoxin before treatment than survivors (n = 37), suggesting a significant correlation between the serum endotoxin level before treatment and mortality. Malnutrition did not affect the serum endotoxin level in the patients with diarrhea. It was suggested that infection of Gram-negative bacteria might be involved in a significant number of patients with diarrhea in Bangladesh and that endotoxin might play a pathogenic role in those patients.
INTRODUCTION
Endotoxin is the component of the outer membrane of Gram-negative bacteria and it is shed into the fluid spontaneously during cell division. Endotoxin could be released into the circulation in patients with Gram-negative bacterial infection and it might be increased by antibiotic treatment, especially β-lactam antibiotics. Endotoxin release causes the production of an excess of pro-inflammatory cytokines and mediators, and triggers the cascade of events leading to the systemic inflamma-tory response syndrome, septic shock, multiple organ dysfunction and finally death. Therefore, endotoxin may be an indicator of Gram-negative bacterial infection and a predictor of outcome in sepsis. In fact, a number of studies have been performed to investigate the clinical significance of the detection of endotoxin in Gram-negative bacterial infection and sepsis. [1] [2] [3] [4] [5] [6] [7] However, endotoxin does not necessarily predict either Gram-negative bacteremia or Gram-negative infection, nor does it predict survival from sepsis. 8, 9 The positive predictive value of the measurement of endotoxin level in the blood is still unclear. [10] [11] [12] There are several reports on the measurement of circulating endotoxin levels in pediatric patients with infectious diseases in non-industrialised countries and they suggested a pathogenic role of endotoxin. [13] [14] [15] In the present study, we determined the levels of serum endotoxin in children hospitalized with diarrhea in Bangladesh in order to clarify the involvement of Gram-negative bacterial infection and a pathogenic role of endotoxin.
PATIENTS AND METHODS

Patients
The patients were 42 children hospitalized for treatment of diarrhea and selected consecutively from July 2001 to October 2001. The age distribution of the patients was 25 under 6 months, 13 in the 7-12 month range, 2 in the 24-36 month range, 1 in the 37-48 month range and 1 in the 48-60 month range, median age (with SD) was 6 ± 11 months, and the 24 patients were male. The duration of diarrhea and fever were 5 ± 3 days and 6 ± 5 days, respectively. All patients had diarrhea at admission, which was defined as the passage of three or more loose stools within the previous 24 h. Acute diarrhea was defined as excess of stool and water with loss of electrolytes during a period of less than 14 days. The type of diarrhea in 35 of 42 patients was acute watery. If diarrhea persisted more than 15 days, children were classified as having persistent diarrhea. Patients with bloody stool were categorized as invasive diarrhea. Invasive and persistent diarrhea was seen in 6 patients and 1 patient, respectively. Severe dehydration with an estimated weight loss of about 10% was detected in 5 of 42 patients. Thirteen patients revealed signs of shock on hospital admission. Elevated white cell count in peripheral blood (> 11,000 mm -3 ) was detected in 35 patients. Children whose weight-for-age was below 60% of the WHO/NCHS standard were regarded as severely malnourished. Severe malnutrition was observed in 28 of 42 patients. All patients were treated with a standardized antibiotic regimen. The study protocol was approved by the local ethics committee. Healthy adult donors (n = 32) were selected from the staff of the International Centre for Diarrhoeal Disease Research.
Collection and storage of samples
For measurement of circulating endotoxin, serum was used to avoid the risk of heparin interference with the Limulus reaction over the permissible concentrations. Briefly, 1 ml of blood was collected in LPS-free evacuated blood collection tubes (EG tube-S, Seikagaku Corp., Tokyo, Japan) from all children aseptically just before antibiotic and fluid therapy and marked as Day 0 sample. At 3 days after antibiotic and fluid treatment, another 1 ml of blood was collected from the same patients and marked as Day 3 sample. To prepare serum, blood samples were centrifuged at 1000 g for 10 min and the serum fractions were transferred to depyrogenated polypropylene tubes, which were proved endotoxin-free. The prepared serum samples were stored at -80°C without a repeat of freezethaw until use.
Measurement of endotoxin
Endotoxin was measured by the method of Tamura et al. 16 A 5 µl aliquot of the serum fraction was pretreated in a microplate well (LPS-free Toxipetplate 96F, Seikagaku) by incubating at 37°C for 10 min with a mixture (20 µl) of 0.1% (w/v) Triton X-100, 0.07% (w/v) ethyleneiminepolymer, 0.01 mol/l CaCl 2 , 0.1 mol/l KOH, 0.03 mol/l N, N'-bis-(2-hydroxyethyl)-glycine (Bicine) and 0.1% (w/v) polybrene. Then, 100 µl of Endspec ES-test MK (Seikagaku), an endotoxin-specific chromogenic Limulus reagent, was added and the mixture was further incubated at 37°C for 30 min in an incubator installed in a kinetic microplate reader (Wellreader SK603, Seikagaku). The increase in absorbance by released p-nitroaniline was measured at 405 nm against a reference of 492 nm and recorded every 15 s to obtain the rate of the increase per minute. Endotoxin concentrations were automatically calculated by proprietary software from the standard curve which was obtained from a simultaneous run of untreated standard solutions. Escherichia coli O111:B4 endotoxin was used as a control standard, which is quantitatively estimated to be 2.4 EU/ng of the USP reference standard endotoxin. The detection limit of this endotoxin assay was 0.009 EU/ml (3.9 pg/ml) of serum or plasma.
Statistical analysis
Statistical analysis was carried out by the Wilcoxon signed ranks test and Mann-Whitney test. The P value (< 0.05) was used as limit of significance.
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RESULTS
Serum endotoxin levels in children hospitalized with diarrhea
The endotoxin levels in sera from children hospitalized with diarrhea and healthy donors was determined by an endotoxin-specific chromogenic assay. Twenty-three (54%) patients out of 42 had higher than 10 pg/ml (0.024 EU/ml) of endotoxin in the sera before antibiotic treatment ( Fig. 1 ). The serum endotoxin levels with higher than 100 pg/ml (0.24 EU/ml) was detected in 10 patients (23%). Three patients had an extraordinarily high endotoxin levels which exceeded 1000 pg/ml (2.4 EU/ml). None of 32 healthy adult controls had any significant levels of endotoxin in their sera and the serum endotoxin levels of healthy controls was below the limits of detection of the assay (< 3.9 pg/ml, < 0.009 EU/ml).
Endotoxin levels 72 h after initiation of antibiotic and fluid treatment
The serum endotoxin level was determined 72 h after antibiotic and fluid treatment. The level of circulating endotoxin was markedly decreased in most cases by antibiotic and fluid treatment (P < 0.001 in Wilcoxon test) and endotoxin was infrequently detected in the sera 72 h after the treatment (Fig. 2 ). Two of 42 (5%) patients had positive serum endotoxin levels (> 10 pg/ml, > 0.024 EU/ml) 72 h after the therapy. Only one patient had a marked elevation of serum endotoxin levels from 300 pg/ml (0.72 EU/ml) to 1230 pg/ml (2.95 EU/ml) and the patient died. The antibiotic and fluid therapy improved the conditions in 37 (88%) of 42 patients and they were healthy at the time of discharge from the hospital. However, 5 patients (12%) died during treatment for diarrhea. The serum endotoxin levels in children who survived and those who died during treatment for diarrhea were compared (Table 1) . Statistical analysis demonstrated a significant difference in serum endotoxin levels before antibiotic and fluid therapy between survivors and non-survivors (P = 0.03 in Mann-Whitney test). The survivors had a much lower endotoxin levels than non-survivors, suggesting a close association between serum endotoxin levels before treatment and mortality.
Effect of malnutrition on the endotoxin levels of patients
Considering that 5 patients who died during treatment had severe malnutrition (Table 2) , we studied the relationship between malnutrition and the serum endotoxin levels. Forty-two patients with diarrhea were classified into patients with severe malnutrition (n = 28) and without malnutrition (n = 14), and the serum endotoxin levels before antibiotic and fluid treatment was compared in the two groups (Fig. 3) . Statistical analysis demonstrated that there was no significant difference in the serum endotoxin levels between patients with and without severe malnutrition. 
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Identification of bacteria causing diarrhea
Blood and rectal swab cultures were performed in all 42 patients to identify diarrhea-causing bacteria. 17 In blood culture on admission to the hospital, bacterial growth was detected 11 patients whereas no bacterial growth was observed in 31 patients. The frequency of the bacteria detected was as follows: E. coli (n = 1); Pseudomonas spp. (n = 3); Salmonella spp. (n = 2); Hemophilus influenzae (n = 2); Acinetobacter spp. (n = 3); Campylobacter spp. (n = 1); and Streptococcus pneumoniae (n = 1). A summary of the bacteria growing in blood culture, serum endotoxin levels and clinical features is shown in Table 2 . In rectal swab culture, bacterial growth was detected 11 patients and no bacterial growth was observed 31 patients. The frequency of detected bacteria was: Vibrio cholerae (n = 1); Shigella spp. (n=5) including Shigella dysenteriae O1 (n=1), Campylobacter spp. (n = 1); others (n = 3); and a combination of unidentified bacteria (n = 1).
DISCUSSION
In the present study, we demonstrated that a significant level of endotoxin was present in the circulation in 23 (54%) of 42 infants and children hospitalized with diarrhea in Bangladesh. Of the patients, 26% had bacteremia mainly caused by Gram-negative bacteria. The same percentage (26%) of the patients had detectable enteropathogenic bacteria in their stools. These findings suggested the possibility that Gram-negative bacteria infection might be involved in a significant number of infants and children hospitalized with diarrhea in Bangladesh. There are several reports on the measurement of circulating endotoxin levels in pediatric patients with infectious diseases in non-industrialised countries including Bangladesh. [13] [14] [15] They suggested a pathogenic role of endotoxin in meningitis, 13 colitis in shigellosis, 14 and in V. cholerae El Tor diarrhea. 15 However, we could not precisely compare the endotoxin levels and the positivity rate in the present study with those in previous reports using conventional Limulus assays, since an endotoxin-specific chromogenic test kit which does not detect β-D-glucan was used in the present study. The exact role of endotoxin in patients with diarrhea in Bangladesh should await further studies with simplification.
The present study demonstrated that the serum endotoxin level decreased markedly 72 h after antibiotic and 226 Ahmed, Azam, Armed et al. The endotoxin levels in sera from patients with malnutrition (n = 14) or without malnutrition (n = 28) was determined by an endotoxin specific chromogenic test. The median (minimum/maximum) of the serum endotoxin levels (EU/ml) of patients with or without malnutrition was 0.09 (<0.009/14.4) and 0.04 (<0.009/1.1), respectively. One EU/ml is equivalent to approximately 417 pg/ml. fluid treatment and that the general condition of the patients was improved. This suggests the need to consider the role of endotoxin in the pathophysiology of the patients. In particular, there was a close relationship between the mortality of the patients with diarrhea and their serum endotoxin level before antibiotic and fluid treatment. Therefore, a high level of circulating endotoxin might be a useful marker for treatment of diarrheal diseases with caution. On the other hand, there is no correlation between the endotoxin level and severe malnutrition. Malnutrition is unlikely to affect the serum endotoxin levels in patients with diarrhea. However, there are several reports on a close relationship between endotoxemia and severe malnutrition. 18, 19 The effect of malnutrition on the levels of serum endotoxin is still a matter for speculation. Rather, severe malnutrition may affect the mortality but not the serum endotoxin levels since all patients who died during treatment for diarrhea had severe malnutrition. Pathogenic micro-organisms could not be identified in about half of the patients hospitalized with diarrhea. This might be due to a failure to identify aerobic bacterial or viral infection. Indeed, it has been reported that rotavirus infection is the most common cause of hospitalization due to diarrhoea in Bangladeshi children below 5 years of age. 20 Another possibility is that these patients had taken antibiotics before admission to the ICDDR hospital. In Bangladesh, it is a very common practice in people from lower socio-economic society to take drugs without proper consultation with a medical physician. Considering that endotoxin was detected in 54% patients with severe diarrhea under such conditions, Gram-negative bacterial infection might be the main cause of bacteria-induced diarrhea in Bangladesh.
Interestingly, H. influenzae was detected in blood cultures of 2 patients with endotoxin concentrations higher than 1000 pg/ml (2.4 EU/ml) of endotoxin. At present, it is not clear why the infection of H. influenzae caused a high level of circulating endotoxin in the patients with diarrhea. In Japan, the endotoxin concentrations were measured in 93 specimens of cerebrospinal fluid (CSF) from 66 pediatric patients by an endotoxin-specific chromogenic assay and the patients diagnosed as having Gram-negative meningitis had high CSF endotoxin concentrations with a median of 115.3 pg/ml (range, 82-133 pg/ml). 21 Further, it has been reported that the concordance is higher among studies with a high proportion of non-Enterobacteriaceae among the Gram-negative bacteremia isolates. 12, 22 Therefore, it is of particular interest to clarify the mechanism of high levels of endotoxin in patients with non-Enterobacteriaceae infection.
A number of in vitro experimental studies have shown excess release of endotoxin during antibiotic therapy. [23] [24] [25] [26] [27] On the other hand, some studies have suggested that endotoxemia is not increased by antibiotic therapy of severe Gram-negative bacteremia. 4, [23] [24] [25] [26] [27] The clinical significance of antibiotic-induced endotoxin release still remains controversial. The present study clearly demonstrated marked reduction of the serum endotoxin level 72 h after antibiotic and fluid treatment. However, antibiotic-induced endotoxin release could not be excluded since we did not measure the endotoxin level at an early stage after antibiotic treatment. On the other hand, it suggests that the antibiotic and fluid treatment may improve the conditions of most patients with bacteria-induced diarrhea, although the endotoxin level decreased in 4 of 5 patients who died during treatment. The relationship between the serum endotoxin level and antibiotic and fluid therapy could be clarified with more detailed serial studies.
